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Intervention in older buildings increasingly requires extensive and objective knowledge of what one will be working with. The
multifaceted aspect of work carried out on buildings tends to encompass a growing number of specialities, with marked emphasis on
learning the causes of many of the problems that affect these buildings and the possible treatments that can solve them. Moisture
transfer in walls of old buildings, which are in direct contact with the ground, leads to a migration of soluble salts responsible for
many building pathologies.
We feel that many of the techniques currently used to minimise rising damp are not effective, in particular when dealing with walls
of considerable thickness and heterogeneous materials.
This paper will present the results of a project developed at the Building Physics Laboratory (LFC) at the Faculty of Engineering
of Porto University. The project focussed on performing experiments to validate a new technology for treating rising damp in walls
of historical buildings: wall base ventilation. We will also present some of the results obtained in the numerical simulations carried
out [Torres MI, Freitas VP. Rising damp in historical buildings. Research in building physics—Proceedings of the Second
International Conference on Building Physics, Leuven, Belgium; 2003. p. 369–75; Torres MIM. Rising damp in historical building
walls. Ph.D. thesis, Coimbra, FCTUC, 2004 [in Portuguese].].
r 2005 Elsevier Ltd. All rights reserved.
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Intervention in older buildings increasingly requires
extensive and objective knowledge of what one will be
working with. The multifaceted aspect of work carried
out on buildings tends to encompass a growing number
of specialities, with marked emphasis on learning the
causes of many of the problems affecting these buildings
and the possible treatments to solve them.
Although many historical buildings in Portugal have
undergone refurbishment to erase, or at least to
minimise, the effect of rising damp, the results have
not been satisfactory.e front matter r 2005 Elsevier Ltd. All rights reserved.
ildenv.2005.07.034
ing author.In the Building Physics Laboratory (LFC) of the
Faculty of Engineering—Porto University (FEUP) we
have been performing experimental investigation to
validate the efficiency of a technique for treating rising
damp in walls of older buildings. The technique consists
of ventilating the base of walls through a natural
ventilation process or by installing a hygro-regulated
mechanical ventilation device.2. Treatment techniques against rising damp
2.1. General
Any of the following techniques can be used to treat
walls with rising damp [1,2]:
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 By creating a potential against the capillary potential.
 By applying atmospheric drainage.
 By applying a coating with controlled porosity.
 By concealing the anomalies.
 By ventilating the wall base.
2.2. Creating a physical or chemical barrier
The main objective of this technique is to create a
physical or chemical barrier at the base of the affected
walls to prevent rising damp. We can reduce the
absorbent area, place watertight barriers or apply
hydrofuge products.2.2.1. Reducing the absorbent section
This technique consists basically of diminishing the
absorbent area by replacing part of the porous material
(wall) by air pockets, thereby not only reducing the
amount of water absorbed but also increasing evapora-
tion.2.2.2. Placing watertight barriers
A watertight material (bitumen, polymer-based mor-
tar, corrugated sheets of stainless steel or lead sheets) is
inserted into the wall’s buried section to prevent water
from migrating to upper levels.2.2.3. Applying hydrofuge products
Whereas the above-mentioned techniques of creating
a damp-proof cut-off consist of a physical barrier, this
technique introduces a chemical barrier. The chemicals
can be introduced into the walls by diffusion or injection
through holes drilled into the walls at intervals to ensure
that the chemical barrier covers the entire width and
length of the affected walls.2.3. Creating a potential against the capillary potential
This is an old technique that delays rising of the water
by creating an electric potential against the capillary
potential. This technique is no longer popular because it
is not considered to be effective.2.4. Applying atmospheric drainage
The principle behind atmospheric drainage siphons
is the fact that damp air is heavier than dry air.
Knappen [1] believed that inserting oblique drainage
tubes into walls would release damp air (coming from
inside the wall), thereby facilitating the wall-drying
process.2.5. Applying a coating with controlled porosity
Applying outer coatings that promote the evapora-
tion of humidity from inside the walls and that impede
salt from crystallising on the outside is a technique that
conceals the problem.
2.6. Concealing anomalies
When the causes of rising damp cannot be eliminated,
we can decide to put up a new wall separated from
the original wall with a ventilation space, which is
a type of damp-proof course system concealing the
anomalies.
2.7. Ventilating the wall base
Creating ventilated peripheral channels, in addition to
diminishing water contact with porous walls, increases
the evaporation of absorbed water. This evaporation
takes place below the ground level. Installing a hygro-
regulated mechanical ventilation device can increase this
system’s effectiveness.
2.8. Comparative analysis of the different treatment
techniques
All the aforementioned techniques for treating rising
damp have advantages and disadvantages. Creating a
damp-proof course system by reducing the absorbent
area is an interesting idea but is not used often for
aesthetic and structural reasons. Creating watertight
barriers causes vibration that can bring about stability
problems. Introducing hydrofuge products has little
effect when dealing with very thick and very hetero-
geneous walls, as is usually the case in historical
buildings.
Creating electric potential and installing atmospheric
drainage siphons are techniques that are considered
ineffective.
The main drawback of applying coatings with
controlled porosity and porometry is that this technique
cannot be used on walls without renderings (and most of
our historical buildings do not have rendering). Con-
cealing anomalies behind a wall built with a ventilation
space separating it from the original wall would
undoubtedly be effective if done correctly. Nevertheless,
in addition to reducing space, concealing original walls
may not be viable for historical buildings.
The conclusion is that none of the techniques
described is particularly adequate for treating rising
damp in historical buildings. We therefore carried out
experimental and numerical research at the LFC to
analyse the effectiveness of wall base ventilation as a
means of solving the problem of rising damp.
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3.1. Physical model
The selected physical model consists of a prismatic
system measuring 1:58 2:00 0:20m3, waterproofed
on the two top sides to prevent moisture in this
direction, with walls made of limestone slabs measuring
30 20 200 cm3, with 1 cm thick lime mortar joints
(Fig. 1).
We built reservoirs of approximately 2:20
2:50 0:50m3, using cement blocks that had been
waterproofed on the inside. We built stone walls inside
each vat according to the physical model described
above (Fig. 2).The initial conditions of the walls were:
65% RH and 25 1C.
These experiments were meant to characterise how
these walls were affected by rising damp in view of
different boundary conditions. They also validated the
calculation model, with the ultimate aim of characteris-
ing the performance of new techniques of treating rising
damp in walls of historical buildings. The tested
configurations are shown in Table 1 and Fig. 3 [2,3].200
Waterproofed faces 
20
1
30
Limestone
Lime mortar
Dimensions in cm154
Fig. 1. Physical model.
Waterproofing
0
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Fig. 2. ConfigurationTo evaluate moisture transfer inside the walls, we
inserted probes at different heights and different depths
to measure the relative humidity and temperature. These
probes were then connected to a data acquisition and
recording system. We left one of the probes out of the
walls so that we could measure the climate (RH and
temperature) in the Laboratory during the tests. Next
we present the average values of the relative humidity
and temperature measured during the five tests.
3.2. Presentation of the results
3.2.1. Configurations 1 and 5
We will begin by presenting the results obtained for
configurations 1 and 5. The only difference was that one
side of the wall in configuration 5 was completely
covered with tile. With these two boundary conditions
we intended to analyse the influence of using waterproof
materials (such as tiles).
Temperature and relative humidity variations inside
the wall were recorded every hour. Fig. 4 shows the
change in the relative humidity in the first two stone
layers and in the second joint for both configurations.
From the results we can observe the following:2
of tThe probe in the first stone layer, at 5 cm from the
side of the wall covered with tile, registered 100%
relative humidity after 8 h, whereas the other probes
took 55 h to reach this reading. This difference is
explained by the fact that rising damp increases when
drying conditions are hampered by using more
waterproof coatings. By covering the entire wall with
tile, we practically eliminated any evaporation
through that side of the wall. This is why the probes
on the tiled side indicated a much faster rise in the
relative humidity than the others. This phenomenon
occurred in all the other joints and in all the other
stone layers. In configuration 1 the rising damp stabilised when
it reached the 2nd joint, in about 1400 h. InCement blocks
Waterproofing
.20
he reservoirs.
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Table 1
Average values of RH and temperature
Configuration 1 Configuration 2 Configuration 3 Configuration 4 Configuration 5
Relative humidity 53% 58% 59% 66% 75%
Temperature 22 1C 22 1C 20 1C 15% 14 1C
Configuration 1 Configuration 2 Configuration 3 
 
 
 
Configuration 4 Configuration 5  
tiles
 
LEGEND
forced 
ventilation
sand
water
FV
Configuration 1 The wall’s base is immersed up to 8 cm 
Configuration 2 One of the gaps is filled with sand 
Configuration 3 The second gap is filled with sand 
Configuration 4 A forced ventilation system is placed at the base of the wall 
Configuration 5 Wall with one side covered with tile in all its height, whose base is immersed up to 8 cm 
Fig. 3. Different boundary conditions.
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showed 100% relative humidity after 800 h, and after
1500 h all the probes in the third stone layer had
registered 100% relative humidity.
3.2.2. Configurations 3 and 4
In configurations 3 and 4 we measured the behaviour
of a wall with both sides underground by placing sand
on both sides of the wall up to a height of 45 cm above
its base. The sand was saturated (100% RH) during the
tests.
In configuration 4, since we wished to assess the effect
of placing a ventilation system at the base of the wall,
we placed a ventilation box on both sides of the wall
(Fig. 5). We left two openings to which we attached
flexible tubes to ventilate the box. We attached a
mechanical extractor at one opening and left the other
one free to allow air to enter freely (Fig. 6). This
extraction system was left running for the duration ofthe test so that we could ensure that the temperature and
relative humidity inside the box were identical to the
conditions we had in the laboratory.
Fig. 7 shows the results obtained in these two tests
in which the different probes recorded the relative
humidity.
We also can see the change in relative humidity in the
cross-sections located 16.5 cm and 61.5 cm (Fig. 8)
above the wall base, as is illustrated in Figs. 9 and 10.
As the profile is fully symmetrical there were only two
measuring probes at each level.
The following main observations were drawn from
the experimental research: Placing a ventilation system at the wall base is a good
technique for reducing the level of rising damp. After 50 h, the first stone layer in configuration 3 was
already completely saturated, and the same occurred
in configuration 4 after 65 h.
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Fig. 4. (a) Results for configurations 1 and 5. (b) Results for configurations 1 and 5.
M.I.M. Torres, V. Peixoto de Freitas / Building and Environment 42 (2007) 424–435428 The differences become more noticeable the higher
up the wall we go. After approximately 350 h,
the moisture front had already reached thesecond stone layer in configuration 3, where-
as in configuration 4 it took 1000 h for this to
occur.
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the probes in the third stone layer in configuration 4
registered 100% relative humidity. In contrast, in
configuration 3, after approximately 1000 h, some of
the probes placed in the third stone layer registered
100% relative humidity. These results can be
explained by the fact that the ventilation in the base
of the walls (configuration 4) limits the level reached
by the moisture front (Fig. 10).4. Numerical simulation
4.1. Simulation program used and validation
The automatic calculation programs to evaluate
changes in the moisture content and temperature inside
walls are essential instruments in simulating the wall’s
behaviour in the presence of humidity, depending on the
internal and external climactic conditions [4–6].
The WUFI-2D calculation program was used in the
numerical simulations. This program is based on theFig. 6. Ventilation box with flexible t
Wall
and
Ventilation box
45 cm 20 cm
15 cm
30 cm
Fig. 5. Ventilation box.following heat and moisture transfer [7–9]:
dH
dT
qT
qt
¼ rðlrTÞ þ hvrðdprðfpsatÞÞ, (1)
dw
df
qf
qt
¼ rðDfrfþ dprðfpsatÞÞ, (2)
whereubes and mechanical extrdH=dT ðJ=m3 KÞ heat storage capacity of the moist
building material,dw=df ðkg=m3Þ moisture storage capacity of the
building material,l (W/mK) thermal conductivity of the moist
building material,Df (kg/m s) liquid conduction coefficient of the
building material,dp (kg/m s Pa) water vapour permeability of the
building material,hv (J/kg) evaporation enthalpy of the water,
psat (Pa) water vapour saturation pressure,
T ðCÞ temperature,
f ½ relative humidity.
Of all the variables that can be obtained through
numerical calculations, we chose those that could be
recorded in our experiments: temperature and relative
humidity. Since the experiments took place under
isothermal conditions, only the change in relative
humidity is important.
4.2. Material properties
Use of the numerical simulation program requires
knowledge of the boundary conditions and of the
materials’ hygrothermal properties. Table 2 shows the
properties of the respective materials: limestone and
mortar.
All properties (except specific heat) were experimen-
tally determined in the LFC at FEUP, in accordance
with the respective European Standard [10–13].actors.
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Fig. 7. (a) Results for configurations 3 and 4. (b) Results for configurations 3 and 4 (cont.).
M.I.M. Torres, V. Peixoto de Freitas / Building and Environment 42 (2007) 424–4354304.3. Simulation results
For each simulation we introduced the properties of
the materials, the specific boundary conditions for eachsituation, the values measured for RH and the air
temperature in the laboratory, and the actual duration
of each test (which differed according to the configura-
tion). In configuration 4 we simulated the ventilation
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Fig. 7. (Continued)
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Fig. 8. Position of the probes in the transversal section.
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conditions on the box as the laboratory air.4.3.1. Configuration 1 and 5
The numerical simulation results show that in the first
stone layer the differences observed (between the
experiment and the simulation) are not significant (in
the simulation the rising damp advanced slightly
slower). However, in the first joint and in the second
stone layer the differences between simulation and
experiment are considerable [2,3].
Fig. 11 shows the simulation results for configurations
1 and 5.4.3.2. Configurations 3 and 4
Once again, the major differences between the
numerical simulations and experimentation become
noticeable after the second stone layer and always
showed less and slower capillary ascent.
4.4. Analysis of the simulation results
An interpretation of the numerical simulation results
allows us to state the following: When we hamper evaporation by placing tiles on one
side of the wall and increase the relative humidity to
100%, the level of rising damp increases. Faster rising damp is always observed on the wall
side where evaporation conditions have been ham-
pered. When we compare the simulations for configurations
3 and 4, where the only difference is forced
ventilation at the base of the walls (whereby relative
humidity conditions inside the wall base ventilation
box become equal to external conditions), we can see
that in configuration 4 the rising damp was slower
and, basically, reached lower levels. This fact became
more evident when comparing simulations of 1-year
periods (Fig. 12).
We can therefore conclude that the relative behaviour of
the different configurations, as simulated using the
calculation program, was identical to the relative
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M.I.M. Torres, V. Peixoto de Freitas / Building and Environment 42 (2007) 424–435432behaviour of the respective experimental configurations,
therefore validating the calculation program from a
qualitative standpoint.
However, when we compared the test results with the
respective simulations, we noticed the following differ-
ences: No significant differences were observed regarding
how the first layers of all stone configurations were
affected. As we advance up the walls, the differences become
more pronounced and the advancement of the humid
front in the simulations is always slower than the
advancement observed in the experiments, which
indicates that the problem may possibly lie in the
interfaces between layers. For building walls consisting of multiple layers,
research on the transfer of damp requires knowledge
of the conditions of continuity, which may include:
hydraulic continuity, full contact or air pockets
between layers. The interface between layers deter-mines the kinetics of absorption and drying of the
building’s components. When there is full contact
between the materials (without continuity of the
porous structure), there is no continuity of the
capillary pressure and there is maximum transmitted
flow function of the interface’s hydric resistance
which conditions the transfer. The interface between
layers slows down the process of wetting in a way
which becomes more noticeable as the maximum
transmitted flow decreases. This flow translates the
hydric resistance between layers. We believe that the
differences observed are caused by the influence of
interfaces between the mortar and the stone [14,15].5. Conclusions
This research led to the following main conclusions: In historical buildings, the traditional techniques of
treating rising damp are not effective, and wall
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Table 2
Material properties
Limestone Lime plaster
Bulk density—r (*) 2155 14 kg=m3 1685 kg=m3
Heat capacity—c 1000 J/kgK 1000 J/kgK
Porosity— (*) 19.7% 26.4%
Thermal conductivity—l (*) 1:33 0:025W=mK 1:37 0:009W=mK
Vapour diffusion resistance factor—m (*) Dry cup 41 2:2 Dry cup 10 0:4
Wet cup 29 3:1 Wet cup 0:8 0:1
RH (%) Adsor Desorp Adsor Desorp
w ðkg=m3Þ w ðkg=m3Þ w ðkg=m3Þ w ðkg=m3Þ
4 0.52 0.95 2.00 7.46
11 0.59 1.14 3.81 9.87
35 0.87 1.23 6.45 11.24
59 1.04 1.62 9.79 13.58
Moisture storage function (*) 76 1.23 2.35 13.21 16.81
80 1.33 14.13
84 1.58 16.50
92 2.38 4.14 30.59 33.45
Capillary transport coefficient Dw w (*) Dw w (*) Dw
ðkg=m3Þ ðm2=sÞ ðkg=m3Þ ðm2=sÞ
w80 1.7 6:6 1011 16.1 4:6 109
wsat 188.0 6:2 108 258.0 3:0 106
Water absorption coefficient—A (*) 0:024 0:002kg=ðm2 ffiffisp Þ 0:228 0:006kg=ðm2 ffiffisp Þ
Freewater saturation—wsat (*) 188 1:8kg=m3 258 2:0 kg=m3
(*) Experimental determination.
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4A 4B
5 5
4A 4B
4AB
Tiles 5 5
40
50
60
70
80
90
100
0 100 200 300 400 500 600
Time (hours)
R
el
at
iv
e H
um
id
ity
 (%
)
4A 4B
40
50
60
70
80
90
100
0 100 200 300 400 500 600
Time (hours)
R
el
at
iv
e H
um
id
ity
 (%
)
4A 4BA 4B
Fig. 11. Results for simulations of configurations 1 and 5.
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Configuration 3 Configuration 4 
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M.I.M. Torres, V. Peixoto de Freitas / Building and Environment 42 (2007) 424–435434ventilation is a simple technology that holds great
potential. The experimental results show that implementing this
new treatment technology (wall base ventilation)
reduced the level of rising damp. The numerical simulation results in the first layer are
similar to those obtained experimentally, which
provide qualitative validation of the calculation
program.
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